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A STUUr  OF  SPEED  FACTORS  IN  TESTS  AND  ACADEMIC  CKADES* 


Abstract 

Speeded  and  unepeeded  tests  of  vocabulary^  spatial  relations^  and 
arithmetic  reasoning  were  factorlally  analyzed,  together  with  certain 
reference  teste  and  academic  grades.  Lavley^s  maximum-likelihood  method 
vas  used,  the  computations  being  carried  out  on  the  Vhlrlwlnd  electronic 
computer.  Four  different  speed  factors  were  Isolated,  together  with  a 
second-order  general  speed  factor.  Consistent  small  positive  correlations 
betveen  the  academic  grades  and  the  speed  factors  were  found. 


*Tho  writer  Is  Indebted  to  D".  John  French,  to  Dr.  David  Saunders,  and  very 
especially  to  Dr.  I^edyard  R Tucker  for  helpful  suggestions  and  theoretical 
advice  throughout  the  course  of  this  study.  The  active  cooperation  of 
Dr.  William  Shields,  Educational  Advisor,  and  of  many  others  at  the  United 
States  Naval  Academy  at  Annapolis  has  been  Invaluable. 


A STUDY  07  SPEED  FACTORS  IN  TESTS  AND  ACADEMIC  GRADES 


The  speed  with  which  an  examinee  responds  to  the  items  in  a test  is  an 
ability  or  characteribtic  of  the  examinee  that  frequently  affects  his  test 
score.  Almost  all  published  achievement  and  aptitude  tests  are  to  some 
extent  measures  of  "speed"  for  at  least  some  of  the  examinees.  Tests 
specifically  designed  for  factor  analysis  studies  are  frequently  highly 
speeded  in  view  of  the  necessity  for  administering  many  tests  in  a 
limited  time. 

Much  remains  to  be  learned  about  the  trait,  or  traits,  called  "speed," 
in  spite  of  the  fact  that  it  is  commonly  an  element  in  reported  test  scores. 
Is  speed  on  cognitive  tests  a tmitary  trait?  Or  are  there  different  kinds 
of  speed  corresponding  to  different  kinds  of  tasks?  In.  the  latter  case, 
how  highly  correlated  with  each  other  are  these  different  kinds  of  speed? 
How  highly  '•orrelated  are  speed  and  level  on  the  same  task?  How  do  various 
criteria,  such  as  course  grades  relate  to  speed,  and  hov  speeded  should 
tests  designed  to  predict  these  criteria  be?  These  are  the  questions  which 
the  present  study  attea^ts  to  answer,  at  least  with  respect  to  the  tests  and 
exomiuees  studied. 


Some  Previous  Results 

Factor  analytic  studies  in  the  paat  have  often  Isolated  a "perceptual- 
speed  factor,”  usually  measured  by  tests  requiring  simple,  rapid  visual 
discriminations.  According  to  French  , "This  factor  is  characterized 

by  the  task  of  /”qulckly__7  finding  In  a maes  of  distracting  material  a 
given  configuration  which  Is  borne  in  mind  during  the  search."  Any  sj^eed 
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teet  coioposed  entirely  of  very  eaey  items  Is  likely  to  have  a loading  on 
this  factor.  A more  recent  publication  flj  breaks  down  "perceptual  speed" 
into  at  least  two  factors,  "speed  of  syaibol  discrimination"  and  "form  per- 
ception," the  former  relating  to  familiar  symbols,  the  latter  to  xmfamlllar 
figures , 

Ither  factors  obviously  related  to  speed,  identified  by  French  in 

more  than  one  published  study.  Include  finger  dexterity,  fluency  of  expres- 
sion, Ideational  fluency,  reaction  time,  speed  of  association,  speed  of  Judg- 
ment, tapping,  word  fluency.  Speed  of  closure  and  motor  speed  are  Included 
in  £~lj»  Blmoldl  finds  a "speed  of  Judgment,"  a "speed  of  cognition, 

and  a second -order  "personal  tempo"  factor;  but  in  his  study,  as  in  that  of 
many  earlier  workers,  the  subjects  were  asked  to  work  on  their  tests  and 
tasks  at  a "natural,  congenial"  speed  rather  than  at  the  maximal  speed 
required  in  most  e^tual  testing  situations. 

Since  BO  many  of  the  tests  used  in  factor  analytic  studies  are  speeded, 
many  of  the  factors  obtained  fire  actually  speed  factors,  although  not  always 
explicitly  described  as  such.  An  isg>ortant  example  of  this  is  the  "nuniber" 
factor,  which  is  commonly  measured  by  highly  speeded  tests  of  addition,  sub- 
traction, multiplication,  and  division.  As  a reminder  of  its  true  nature, 
this  factor  will  here  be  referred  to  as  the  number-speed  factor. 

In  spite  of  the  presence  of  both  speeded  and  unspeeded  tests  in  most 
factor  euaalysls  batteries,  it  has  not  been  exactly  customary  for  the  analyst 
to  find  a general  Intellectual  speed  factor.  Factorial  studies  specially 
designed  to  investigate  the  existence  of  both  general  and  specific  speed 
factors  in  mental  test  batteries  have  been  limited  ir.  number  and  have 
yielded  some  seemingly  conflicting  uvidence. 

DuBols  using  tetrad  and  triad  analysis,  found  a speed  fe^tor 

coumon  to  speeded  arithmetic,  vocabulary,  analogies,  directions,  and  space 
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tests j all  his  test  items  were  chosen  so  as  to  he  extremely  easy,  however* 
Sutherland  /"21_7  > also  using  tetrad  analysis,  found  no  general  speed  factor 
in  a variety  of  speeded  tasks  at  different  difficulty  levels  selected  from 
various  Intelligence  tests,  ^ers  £‘\^J  analyzed  the  scores  on  differently 
speeded,  hut  otherwise  parallel,  parts  of  a nonverbal  reasoning  test  and 
found  two  orthogonsLl  factors,  one  for  speed  and  one  for  level. 

Tate  9 a carefully  controlled,  complex  analysis  of  vari- 

ance design,  clearly  demonstrated  the  existence  of  a generea  speed  factor 
ccoffion  to  rate-of-work  scores  on  arithmetic-reasoning,  number-series,  sen- 
tence-completion, and  spatial-relations  items.  He  also  obtained  Indications 
of  speed  factors  specific  to  each  of  these  types  of  items.  Rate  of  work 
was  found  to  be  uncorrelated  with  independent  measures  of  "altitude"  in  the 
ability  measured. 

Davidson  eufld  Carroll  obtained  and  factor-analyzed  time-limit, 

work- limit  (level),  and  rate-of-work  scores  on  the  following  tests:  Letter 
Grouping,  Scattered  X*8,  Phrase  Completloa,  Disarranged  Morphemes,  para- 
graph reading,  and  the  eight  subtests  of  the  Revised  Alpha  Sxmb'^ r.ation . The 
Scattered  X*s  test,  which  is  a measure  of  perceptual  speed,  was  found  to 
have  so  little  correlation  with  all  other  measures  that  it  was  dropped  frcaa 
the  analysis.  They  found  a reasoning- speed  factor  (as  well  as  a reasoning- 
level  factor)  and  also  a "general  speed  factor"  involving  nearly  all  of  the 
rate-of-work  scores.  In  spite  of  the  presence  of  several  typically  verbeil 
tests,  they  did  not  find  a clear-cut  verbal  factor - 

Mahan  /"l7_7  administered  three  differently  speeded  tests  for  each  of 
the  follcrviag  five  factors:  verbal,  numerical,  spatial,  perceptual  speed, 
inductive  reasoning.  By  the  multiple-group  method  he  then  extracted  five 
factors  corresponding  to  the  five  types  of  tests.  No  speed  factor  was 
found.  The  foregoing  procedure  was  independently  cSi.  A led  through  once  with 
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moderately and  highly  speeded  tests  and  once  with  moderately  speeded  and 
unspeeded  tests.  The  five  factors  obtained  In  the  two  situations  were  found 
to  differ  sonwwhat  from  each  other. 

For  further  discussion  of  "speed  factors,"  the  reader  Is  referred  to  a 
discussion  by  Vernon  pp.  80-85_7  "to  the  53  references  listed  by 

Goheen  and  Kavruck  • 


Data  for  the  Present  Study 


The  Subjects 

All  meastires  used  In  this  study  vere  obtained  on  6^9  students  In  the 
entering  class  at  the  United  States  Naval  Academy  at  Annapolis.  This  unus- 
ually large  number  of  cases  vas  secured  vlth  a view  tovard  obtaining  clearly 
irterpretable  factorial  results. 

The  Tests 

The  study  centers  around  tests  of  the  verbal  factor,  of  spatial  ability, 
and  of  arithmetic  reasoning.  This  choice  vas  made  because  of  the  widespread 
use  of  tests  in  these  three  areas  for  actual  selection  and  guidance.  Almost 
all  entering  students  at  Annapolis  take  an  admissions  battery  that  Includes 
tests  In  these  three  areas. 

In  each  of  these  three  areas,  seven  tests  vere  administered  to  the 
examinees.  One  of  these  vas  the  regular  admissions  examination,  vhlch  vill 
be  denoted  by  the  letter  A,  administered  to  applicants  before  admission. 

The  admissions  tests  are  only  slightly  speeded*  The  remaining  six  vere 
s)jort  experimental  tests  adialnlstered  at  the  beginning  of  the  school  year. 
These  six  tests  vere  constructed  so  as  to  be  idiolly  parallel  to  each  other 
in  content,  but  diffoxwul  lu  degree  of  speededness.  Two  of  the  six  tests 
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were  "level”  teste,  to  be  denoted  by  L,  Involving  virtually  n*"  apeed  at  all. 
One  of  the  six  teats  vas  laoderately  speeded  (N).  The  remaining  three  teats 
vere  highly  speeded  (S).  In  order  to  confound  practice  effect  insofar  as 
X>OBslble,  the  tests  vere  administered  In  scrambled  order,  as  follovst 
LSMSIS.  In  advance  of  taking  each  test,  the  examinee  was  told  the  degree 
of  speededneas  that  vould  be  required  by  the  time  allovance  given. 

Six  reference-factor  tests  (nuaber,  perceptual  speed,  word  fluency) 
vere  administered  at  the  beginning  of  the  school  year  In  addition  to  the 
foregoing.  These  are  designated  by  the  letter  R.  A more  conqpletc  descrip- 
tion of  the  tests  follovs. 

1.  Word  Fluency  (R).  The  examinee  is  Instructed  to  vrlte  dovn  as 
many  vords  and  their  opposites  as  he  can  in  four  minutes.  This  test  vas 
Included  so  as  to  deteimlne  Its  relation  to  the  verbal  factor  and  to  the 
verbal-speed  factor,  if  the  latter  vere  actually  fo\md  to  exist. 

2.  Verbal  (A).  This  test  contained  both  vord -analogies  Items  und 

"double -definitions”  Items.  The  latter  item  type  Is  essentially  a sentence 

with  tvo  vox  Is  vhlch  the  examluee  must  select  from  alternative  pairs 

of  vords  provided,  thus  producing  a completed  sentence  that  Is  a slinple 

definition  of  one  of  the  missing  vords. 

\ 

3. ^.  Vocabulary  (L).  These  tests  requlire  the  examinee  to  find  among 

the  choices  a vord  opposite  In  meaning  to  the  given  key  vord.  Also  3.  Vocab- 
ulary (M)  and  6.7.8.  Vocabulary  (S).  (9.  Vocabulary  (UA)  is  merely  the 

"last-ltem-attempted  score"  on  test  7*) 

10.  Spatial  Relations  (A)  contained  both  block-counting  and  "identical- 
blocks”  IteM.  The  latter  requires  the  examinee  to  Indicate  vhlch  of  five 
dravings  represents  a key  block  drawn  from  a different  angle. 

11,12.  Intersections  (L).  These  tests  consist  of  a type  of  spatial 


relations  Item  requiring  the  examinee  to  visualize  the  two-dimensional  outline 
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of  the  InterBectlon  of  a solid  geometric  object  cut  by  a plane.  Aleo 

15.  Intersections  (M)  and  l4.15.l6.  Intersections  (S).  (17.  Intersections 

(LIA)  is  merely  the  *'last-itea-atte3apted  score”  on  test  15.) 

is.  Mathematics  (A)  is  conqposed  of  arithmetic  reasoning,  algebra,  and 
geometry  items. 

19.20.  Arithmetic  Beasoning  (1)  consist  entirely  of  the  usual  arith- 
metic-reasoning items.  Also  21.  Arithmetic  Reasoning  (M)  and  22.25.24. 
Arithmetic  Beosoning  (S).  i25.  Arithmetic  Beasonlng  (LIA)  Is  merely  the 

^last-itea-atteorpted  score”  on  test  25.) 

26.27.  Number  Speed  (B)  are  typical  reference  tests  for  the  number- 
speed  factor.  ^ is  a test  of  addition  and  division;  ^ is  a test  of  sub- 
traction eind  multiplication.  Both  are  highly  speeded  tests  involving  only 
very  easy  coag>utation8. 

28.29.50.  Perceptual  Sneed  (B)  are  typical  reference  tests  for  the 
perceptual -speed  factor.  28.  Cancellation  requires  the  evamlnee  to  cross 
out  as  many  letter  A*8  in  a paragraph  as  he  can  in  tvo  minutes.  29.  Picture 
Discrimination  requires  him  to  Indicate  vhlch  of  three  very  sk  . tchily  drawn 
faces  is  different  from  the  ether  tvo.  50.  Number  Checking  requires  him  to 
Indicate  whether  tvo  muXtl-dlglt  nimibers  are  the  same  or  different. 

Table  I sumnarlzes  the  background  information  about  the  "experimental” 
tests  and  shows  the  proportion  of  examinees  who  answered  the  last  item  in 
each  test.  It  is  apparent  that  the  speeded  teste  were  In  fact  very  highly 
speeded,  as  Intended.  Actually,  there  is  reason  to  believe  that  many  or  all 
of  the  examinees  who  answered  the  last  item  of  the  speeded  tests  could  have 
done  so  only  by  skipping  many  items  or  by  responding  to  them  at  random. 


Table  1 


Background  Information  and  Data 
on  Speededness  for  the  "Experimental"  Tests 


Tests 

Speed- 

edness 

N\imber 

of 

Items 

Test- 

ing 

Time 

Items 

per 

Hour 

Per  cent*  of 
Examinees 
Finishing 

5,1^ 

Vocabulary 

L 

15 

7 

129 

97 

5 

tt 

M 

50 

5 

560 

71 

6,7,8 

II 

S 

75 

5 

900 

2 

11,12 

Intersections 

L 

15 

20 

45 

98 

13 

II 

M 

20 

12 

100 

75 

14,15,16 

II 

S 

35 

9 

235 

U 

19,20 

Arithmetic  Reasoning 

L 

10 

20 

50 

94 

21 

:: 

II 

M 

15 

15 

60 

50 

22,25,24 

« 

H 

S 

50 

10 

i8o 

4 

* 

Ihe  mean 

of  tvo  values 

in  the 

case  of 

the  level  tests 

, of  three  in  tne 

case  of  the  speed  testa. 


-T- 


Scorlng 

The  three  admissions  tests  are  composed  of  multiple-choice  items  having 
five  (In  a few  cases,  eight)  alternative  responses.  The  score  obtained  for 
each  test  was  the  nxnnber  of  Items  answered  correctly,  this  being  the  standard 
procedxire  for  scoring  the  admissions  examinations. 

The  eighteen  experimental  vocabulary.  Intersections,  and  arithmetic 
reasoning  tests  were  all  coa^posed  of  five-alternative  multiple-choice  items 
and  were  scored  number-right  minus  one -fourth-number-wrong;  It  was  felt 
necessary  to  make  this  "correction  for  guessing"  in  order  that  any  speed 
factor  that  might  be  found  should  not  be  open  to  the  challenge  that  it  was 
merely  a wllllngnass-to-guess-wlldly  factor.  It  would,  of  course,  have  been 
wrong  to  Include  both  corrected  and  uncori'ected  scores  on  the  same  test  in 
a straightforward  factor  analysis,  because  of  their  experimental  dependence. 
Some  further  Investigation  of  the  effect  of  the  connection  for  guessing  was 
nevertheless  planned.  For  this  pTirpose,  number-right  (HB)  scores  were  obtained 
fux-  tests  ~( , 1^,  and  these  new  scores  being  designated  as  variables  37^ 

38,  and  39. 

The  score  on  each  of  the  six  reference  tests  was  taken  to  be  the  munber 
of  right  answers.  This  method  of  scoring  was  used  simply  because  this  is 
the  usual  method  for  scoring  these  tests.  If  they  were  scored  In  any  other 
way,  they  might  no  longer  represent  the  same  reference  factors. 

In  addition  to  the  regular  score  already  mentioned,  a "last -item-attempted 
score"  (LIA)  vac  obtained  for  one  speeded  test  in  each  of  the  three  areas, 
as  noted  in  the  preceding  section.  The  LIA  score  is  simply  the  serial  nximber 
of  the  last  item  to  which  the  examinee  responded.  This  score  is  a crude 
measure  of  rate-of-vork.  It  %rac  considered  to  be  highly  desirable  tc  include 
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BTzch  Bcores  la  the  present  study,  although  in  general  the  study  Is  primarily 
concerned  with  the  typo  of  scores  normally  used  In  practical  vork  with 
aptitude  tests.  The  statistical  method  used  to  deal  vlth  the  experimental 
dependence  of  these  scores  and  of  the  Iw  scores  on  the  other  scores  obtained 
from  the  sasis  tests  will  be  outlined  In  a later  section. 

School  Grade3 

During  their  first  year,  all  entering  students  at  Annapolis  normally 
receive  grades  In  each  of  the  fo?.lovlztg: 

51,  English  Composition  aud  Llteratxa^. 

52 , Fore Ign  Language . (Each  student  selects  one  out  of  the  several 
available  foreign  languages.) 

55,  Engineering  Braving  and  Descriptive  Geometry. 

54 , Chemistry. 

5*5,  Mathematics.  (Plane  trigonometry,  college  algebra,  plane  and 
solid  analytic  geometry,  and  calculiis.) 

36.  Conduct.  (The  method  by  vhlch  grades  In  conduct  are  assigned  need 
not  concern  us  here,  since  no  factor  loadings  of  Interest  were  foiaad 
for  this  variable.) 

In  the  present  study,  each  grade  Is  a n\:merlcal  grade  averaged  over  tvo 
semesters.  Each  course  grade  for  each  semester  represents  a combination  of 
day-to-day  course  vork  euid  final-examination  performance  weighted  In  the 
ratio  of  three-to-two.  It  may  be  noted  that  the  instructors  could  not 
possibly  have  had  knowledge  of  any  of  their  students’  test  scores,  with  the 
possible  exception  of  the  three  admissions  tests. 

The  final  examinations  were  virtually  totally  unspeeded,  almost  every 
student  finishing  In  the  time  allowed.  The  day-to-day  work  in  class  was  of 
^iirled  kinds  but  was  not  In  general  compulsorily  speeded.  It  Is  not  known 
whether  students  felt  pressed  for  time  while  doing  their  homework  assignments. 


Normal Iz jpg 
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Statistical  Anexyale 


All  variables  used  In  the  present  study  were  normalized  before  computing 
Pearson  product -moment  correlations.  This  was  considered  desirable  since 
otherwise  any  speed  factors  that  might  bo  fo\md  might  conceivably  have  been 
attributable  to  certain  common  featiires  In  the  shape  of  the  score  distribution 
of  the  speeded  tests  (e.g.,  skewness)^  rather  than  to  the  existence  of  a real 
speed  factor. 

The  Correlations 

The  use  of  product -laomont  correlations,  rather  than  tetrachorlc  correl- 
ations, Is  required  for  the  significance  tests  to  be  described  later.  The 
matrix  of  the  correlations  Is  presented  as  Table  2.  Variables  9,  17,  25, 

37,  38,  and  39  are  experimentally  dependent  on  variables  7,  15>  and  23. 

Ths  ccnccquent  sp'jriously  high  correlations  are  placed  in  pareuthssss  in  the 
table.  Variables  9,  17,  25,  37,  58,  and  39  vere  not  used  in  the  factor- 
extraction  process  for  this  reason, 

Lavley*s  Itolmum  Likelihood  Method  of  Factor  Analysis 

Pactors  were  extracted  by  the  m^^^’.lmum-likellhood  method  developed  by 
Lawley.  Since  this  extremely  linportant  method  has  not  often  been  mentioned 
In  the  literature  in  this  country,  and  since  this  method  or  a modification 
of  it  is  likely  to  become  widely  used  In  the  near  future.  It  will  be  worth- 
while to  list  some  of  the  available  references.  The  basic  development  of 
the  method  was  given  In  , Extensions  and  further  developments  appeared 

in  ^13,  15,  1,  2,  and  23_7*  (A  mailimim-likellhood  Method  II,  avoiding  the 


Matrix  of  lnt«rcom>latloaa  (de<'laal  poiat  cslttad) 
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aes'ojsiptioji  of  nultivariato  normality,  was  doveloped  by  Lawloy  in  r^'^J * 

This  second  method  vill  not  be  considered  further  here,  since  the  usual 
optimum  properties  of  maximum  likelihood  estimates  do  not  appear  to  hold  in 
the  situation  under  consideration  ^ 1,  H^*  Whittle  derived  a reia- 

tl-o-aly  simple  and  satisfactory  solution  for  a similar  sitxiatlon  in  the 
special  case  where  the  variables  are  of  known  reliability.)  Henrysson 
reported  an  empirical  sampling  study  supporting  Lawley’s  test  of  significance. 
Bartlett  ^1,  2.J  gave  a significance  test  that  is  presumably  superior  to 
Lawley's  whenevei  the  number  of  examluees  is  not  large  compared  to  the 
number  of  variables.  Some  recent  and  interesting  papers  (in  English)  by 
Bartlett,  Law  ley,  and  others  have  appeared  in  £'“26 J,  Very  recently  Rao 
£~19j  discussed  the  basic  differences  between  Hotelling’s  principal-component 
analysis  and  common-factor  analysis  and  described  further  developments 
related  to  those  of  Lavley. 

Lavley’s  maximum-likelihood  method  of  factor  analysis  and  Thurstone's 
centroid  method  of  snaly«l«  are  both  concerned  with  estimating  common-factor 
loadings,  specific -factor  variance  being  systematically  set  aside.  Certain 
characteristics  of  the  maximum-likelihood  method  nay  be  listed  briefly: 

1.  The  number  of  common  factors  is  tentatively  hypothesized  in  advance. 

2.  The  procedure  in  effect  determines  the  population  correlation  m-'.trix, 
having  the  hypothesized  rank,  for  which  the  likelihood  of  occurrence  of  the 
observed  sample  in  the  course  of  random  sampling  is  a maximum.  The  matrix 

of  factor  loadings  exactly  reproducing  this  matrix  of  population  correla- 
tion coefficients  is  the  basic  result  obtained  by  the  maximum-likelihood 
method.  The  result  is  obtained  by  iterative  conputatlonal  procedures. 

3.  The  usual  matrix  of  residuals  is  co25)uted;  a rigorous  large-sample 
significance  test  is  made  to  determine  ^rhether  or  not  the  residuals  may 
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pla'Ufli'bly  be  attributed  eoiely  to  8aag)llng  fluctuations  In  the  correlation 
coefficients. 

k.  If  the  residuals  are  statistically  significant,  the  research  worker 
repeats  the  foregoing  process,  starting  with  different  tentative  hypotheses 
as  to  the  nimiber  of  connon  factors  required  to  explain  the  data,  tintll  he  is 
ready  finally  to  accept  one  of  them. 

S.  The  usual  problea  of  estimating  the  comsunallties  ceases  to  be  a 
serious  cause  for  concern,  since  the  maxlmun-llkellhood  estimates  of  the 
communal It les  are  one  of  the  outcomes  of  the  procedure. 

The  practical  application  of  the  maxlanim-llkelihood  method  le  dlec^lS8ed 
In  l6,  l^^y.  Until  now,  the  method  has  not  been  applied  to  other  than 

very  small  correlation  matrices  beciiase  of  the  large  amount  of  computations 
required.  From  a coaq>utatlonal  point  of  view,  Lawley’s  method  can  be  described 
essentially  as  equivalent  to  the  task  of  finding  the  latent  roots  and  vectors 
of  a modified  correlation  matrix,  the  correlations  being  modified  by  dividing 
them  by  a 8lBq>le  function  of  the  imkzicwn  latent  vectors. 

Extraction  of  Factors 

The  application  of  Lawley's  method  to  the  actual  data  was  carried  out  on 
Whirlwind  !♦,  a high-speed  digital  electronic  computer.  The  computing  program 
was  written  by  the  author  with  a view  to  minimizing  the  use  of  coiiq>uter  time 
80  as  to  be  prepared  In  case  convergence  proved  to  be  so  olow  as  to  require 
hundreds  of  iterations.  A single  iteration  with  this  program  required  roughly 
12  ses/onds,  the  time  varying  somewhat  with  the  number  ( m ) of  factors  hypothesized. 

■■Whirlwind  I Is  sponsored  hy  the  Office  of  Naval  Kesearch.  The  author  wlshss 
to  express  his  appreciation  to  Dr.  P.  Toutz  and  Dr.  C.  W.  Adams  for  the  oppor- 
tunity to  use  this  computer  and  to  Dr.  H.  Denman  for  his  help  In  progreumnlng 
B^d  in  putting  the  program  on  the  computer. 
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The  original  hypothesis  of  the  author  eugcested  that  v should  ho  at 
least  9 for  the  matrix  analyzed.  However,  It  was  found  that 

application  of  Lavley's  method  to  the  Initial  set  of  trial  values  selected 
for  Iteration  failed  because  the  coa^utatlons  generated  Imaginary  nunhers. 

It  became  apparent  that  extremely  close  initial  approximations  to  the  solu- 
tion were  necessary  whenever  m was  at  all  large  If  failure  of  the  procedure 
was  to  be  avoided. 

The  problem  was  dealt  with  as  follows.  Coaroutatlons  were  first  carried 
cut  on  the  as8iUQ>tlon  that  m » 4 . Initial  trial  values  of  the  factor 
loadings  were  arbitrary  except  that  (a)  calculated  loadings  on  the  first 
centroid  factor  were  used  for  the  first  colurn  of  the  trial  values,  (b) 
the  remaining  trial  values  were  selected  so  that  the  sum  of  squares  of  the 
trial  values  for  any  one  variable  was  equal  to  the  highest  correlation 
between  that  variable  and  any  other  v^lable.  When  the  Iterations  were 
successfully  contpleted  for  m ■ if  , the  resulting  estimates  of  the  factor 
loadings  were  used  as  the  first  four  columns  of  the  trial  values  needed  to 
start  the  Iterations  with  m “ p j "the  fifth  column  of  these  trial  values 
was  set  up  in  accordar.ee  with  informed  guesses  based  on  a survey  of  the 
matrix  of  residuals.  The  trial  values  for  m « 6 were  set  up  In  the  same 
way  from  the  resxilts  obtained  with  m — 5 , and  so  forth.  In  every  case 
after  m « , the  Initial  trial  values,  except  for  the  last  column,  proved 

I 

j to  be  close  approximations  to  the  final  factor  loadings.  Ho  further  Imagl- 

j nary  numbers  wore  oncormtored  under  this  procedure. 

I The  matrix  of  residuals  obtained  with  each  value  of  m was  tested  for 

; significance  by  means  of  Lavley's  chi-square  tost.  Information  about  the 

j progress  of  the  computations  and  about  the  chi-square  significance  testa  Is 

1 

given  in  Table  Althoxagh  arguments  could  be  advanced  for  extracting  an 

!• 

\\ 

eleventh  factor,  it  was  finally  decided  to  stop  when  Just  ten  factors  had  been 
; extracted. 

i 
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Table  5 

Tests  of  Stsnlficance  and  Other  Information  According 
to  the  Number  ( m ) of  Factors  Hypothesized 


Number  of 

Factors 

Hypothesized 

Lp-) 

Number  of 
Iterations 
Required  for 
Convergence 

Sum  of 
Latent 
Roots 

Chi-Square 
Ceilculated 
from  Residuals 

Degrees  of 

Freedom 

for 

Chi-Square 

402 

Probability 
Level  for 
Chi-Square 

1. 

•t- 

35 

61 

2,605 

< .01 

5 

22 

69 

895 

575 

< .01 

6 

75 

662 

345 

< .01 

7 

28 

78 

550 

318 

A 

0 

H 

8 

26 

80 

456 

292 

A 

b 

H 

9 

25 

83 

357 

267 

< .01 

10 

28 

88 

284 

243 

.07 

The  orthogonal  unrotated  matrix  of  the  maxlisum-llhelihood  estimates  of 
the  factor  loadings  Is  given  In  Table  4.  The  communallty  for  each  test  and 
the  latent  root  for  each  factor  are  also  shovn.  Each  latent  root  Is  the 
weighted  sum  of  the  squares  of  the  loeiuXu^e  oa  xhe  corresponding  factor,  the 
vdlght  for  the  squared  loading  of  each  test  being  the  reciprocal  of  the 
uniqueness  of  that  test. 
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The  six  variables  In  Table  h with  loadings  enclosed  In  parentheses  were 
not  Included  in  the  33-varlable  correlation  matrix  from  which  the  factors 
were  extracted,  as  already  mentioned.  The  loadings  In  parentheses  were 
estimated  by  the  method  briefly  outlined  in  the  following  paragraphs. 

The  usual  factor  equation,  R « P (a^  Is  used  to  indicate  approxi- 
mate equality),  may  be  written 


I 

I H’ 

I 


J 


(1) 


where  P is  the  55-varlable  matrix  of  correlations  used  for  extracting  the 
factors,  Q is  the  matrix  of  the  correlations  of  these  thirty-three  variables 
with  the  six  variables  that  were  omitted  from  P , S Is  the  matrix  of  the 
intercorrelatlons  of  these  six  variables,  G is  the  matrix  of  the  factor 
lo€wiinge  of  the  thirty-three  variables  and  H Is  the  matrix  of  the  factor 


Table  k 


Unrotated  Factor  Coefficients 
(declmea  points  ooiitted) 


Variable 

Comoa- 

No. 

I 

II 

III 

ly 

V 

VI 

VII 

VIII 

EC 

X 

nality 

1 

3^ 

16 

09 

-'  + 

17 

08 

-04 

-04 

-07 

-02 

192 

2 

65 

51 

-25 

-03 

-17 

16 

01 

12 

10 

-02 

832 

3 

56 

51 

-24 

-04 

-10 

12 

12 

04 

-06 

-03 

672 

k 

6l 

46 

-25 

-10 

-12 

08 

-05 

00 

-12 

-02 

691 

5 

6o 

55 

-24 

-04 

-07 

14 

05 

04 

12 

05 

774 

6 

66 

46 

-16 

-03 

13 

-10 

00 

01 

-02 

03 

699 

7 

68 

59 

-15 

-04 

17 

-09 

04 

-02 

-04 

00 

875 

8 

67 

56 

-12 

00 

19 

-19 

01 

-06 

01 

06 

853 

9 

(kS) 

(34) 

(u) 

(06) 

(38)  (-11) 

(03)  (-04) 

(02) 

(-02) 

(519) 

10 

k9 

-56 

-16 

11 

01 

02 

-14 

05 

13 

01 

446 

11 

57 

-52 

-22 

-03 

-02 

11 

-02 

02 

-15 

07 

689 

12 

55 

-59 

-26 

-03 

02 

10 

-11 

-02 

-03 

13 

765 

13 

60 

-58 

-29 

-01 

-02 

-01 

-07 

-03 

-03 

12 

790 

Ik 

60 

-57 

-26 

01 

10 

01 

06 

-03 

-01 

-04 

761 

15 

58 

-61 

-31 

02 

11 

01 

12 

-02 

02 

-12 

847 

l6 

60 

-61 

-24 

06 

11 

01 

08 

-05 

03 

-05 

626 

1? 

(30)  (.2U)  (-12) 

(07) 

(25)  (-05) 

(28)  (-02) 

(05) 

(-31) 

(4o6) 

18 

62 

02 

24 

38 

-25 

02 

-04 

l4 

00 

01 

669 

19 

59 

-or 

16. 

22 

-31 

-06 

-03 

03 

-10 

-12 

556 

20 

59 

-07 

23 

24 

-29 

-01 

04 

01 

-13 

12 

580 

21 

62 

-02 

17 

37 

-27 

-06 

-12 

oc 

-08 

-04 

642 

22 

64 

-02 

23 

43 

-13 

-n 

-02 

-08 

08 

02 

684 

23 

63 

-05 

21 

33 

-l4 

-11 

02 

03 

-01 

-11 

601 

24 

61 

04 

24 

59 

-11 

-05 

-01 

-06 

06 

-04 

6o4 

25 

(39) 

(04) 

(21) 

(19) 

(16) 

(-04) 

(11) 

(03) 

(08) 

(-13) 

(297) 

a6 

24 

12 

52 

26 

59 

22 

06 

-08 

06 

01 

618 

2? 

28 

10 

55 

38 

32 

21 

00 

-13 

06 

09 

696 

26 

26 

03 

25 

05 

42 

02 

-11 

13 

-12 

-02 

.358 

29 

36 

-09 

08 

09 

48 

00 

-l4 

26 

-01 

-09 

483 

30 

13 

04 

45 

09 

49 

09 

-09 

19 

-14 

-08 

551 

31 

58 

39 

12 

-28 

-09 

l4 

-24 

-19 

-08 

-11 

718 

32 

38 

04 

54 

-32 

-03 

l4 

-06 

-21 

01 

-11 

446 

33 

64 

-4l 

10 

-26 

07 

-11 

-22 

08 

15 

01 

754 

3k 

62 

-15 

48 

-35 

-12 

-05 

02 

01 

03 

-04 

781 

35 

60 

-20 

62 

-28 

-05 

-01 

13 

04 

-01 

05 

887 

✓ 

05 

-09 

15 

-05 

-05 

-11 

-20 

-10 

15 

-09 

127 

37 

(66) 

(57) 

(-11) 

(-03) 

(20) 

(-07) 

(02) 

(-02)  (-01) 

(00) 

(827) 

58 

(57)  (-58) 

^29) 

(03) 

(Ik) 

(01) 

(1*^) 

(-02) 

(02) 

(-15) 

(807) 

39 

(64)  (-04) 

(23) 

(32) 

(-07) 

(-09) 

(02) 

(04) 

(02) 

(-Ik) 

(600) 

Latent 
Roots : 

40.92  21.90 

11.28 

5.10 

4.09 

1.34 

1,08 

0.83 

0.65 

0.58 
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loadings  of  ths  six  variables*  Assionlng  that  the  entire  matrix,  B , has  the 
same  common  factors  as  does  P , it  follovs  that  G is  the  matrix  of  factor 
loadings  obtained  by  analyzing  P . H can  then  be  determined  from  the 
equat ions : 


HG*'3^Q'  , 

(2) 

EH*  = S 

(3) 

Since  equations  1 and  2 never  hold  exactly  in  practice,  (2)  represents 
an  inconsistent  set  of  simultaneous  linear  equations,  there  being  more 
equations  than  unknowns.  In  practice,  equation  3 1b  totally  ignored.  A 
least-squares  (but  not  a rax  Inrun  likelihood)  approximate  solution  for  (2) 
caxi  be  obtained  £“9j  by  postmult  ip  lying  both  sides  by  G(G*Q)  ^ the 
result  being 

H - Q’G(G*G)'^  . (k) 

It  seemed  more  appropriate,  however,  and  also  cos^utationally  easier. 

In  the  present  case  where  maxlmuiii  likelihood  procediires  had  been  employed, 
tf?  pc'*'t-’w>l+^iply  (2)  by  S ^G(G*S  ^g)  ^ . S'"  being  the  3?  3C  33  diagonal 

matrix  whose  elements  are  the  unlqueneeses  of  the  33  variables  in  P . The 
result  is 

H - Q’S“^G(G*S"^G)'"  . (5) 

A rigorous  o.^tiflcatlon  for  (5)  is  not  immediately  available.  Sufficient 

Justification  for  its  use  is  apparent,  however,  when  it  is  pointed  out  that 

-2 

in  Lawley's  method  of  analysis  G*S  G is  the  diagonal  matrix  whose  elements 
are  the  latent  roots,  and  further  that  the  basic  equation  of  Lawley*s 
method  can  be  written 

G « (P  - S^)s"^G(G*S"^G)*^  ■ 


(6) 
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Botatlon 

The  rotation  of  the  original  factor  taatrix  toward  psychologically  mean- 
ingful oblique  factors  was  carried  out  with  the  help  of  the  matrix  rotator 
at  The  Adjutait  Ceneral^s  Office*,  Extensive  careful  final  rotations  were 
made  by  desk  calculator.  Variables  37,  and  39  (scores  not  "corrected 
for  guessing")  were  not  available  and  were  not  tised  in  determining  the  rota- 
tions. 

The  main  guiding  principle  In  all  rotations  was  psycho  logical  meaning- 
ftilness,  as  interpreted  according  to  the  notions  of  the  writer.  The  facility 
with  which  rotations  could  be  made  on  the  matrix  rotator  encoxiraged  persis- 
tence in  the  ultimately  unsuccessful  attempt  to  find  an  arithmetic-reasoning 
speed  factor.  A total  of  ^97  rotations  were  carried  out,  each  rotation 
involving  the  shift  of  only  one  axis. 

Table  5 gives  the  orghogonal  projections  of  the  thirty-nine  variables 
on  the  reference  axec  --  frequently  referred  to  as  the  "loadings  on  the 
rotated  factors."  Since  the  term  "factor  loading"  has  been  used  with  various 
meanings  in  oblique  analyses,  these  projections  will  hereafter  be  referred  to 
as  "factor  coefficients."  Table  6 gives  the  transformation  matrix  for  rota- 
ting Table  into  Table  5*  Table  7 gives  the  intercorrelations  among  the 
primary  vect-'rs. 

If  the  last  factor  (or  porsibly  the  last  two  factors)  is  excluded  from 
consideration,  the  clarity  of  the  factor  structure  in  Table  5 is  made 
appeurent  by  the  visually  obvious  distinction  between  2-digit  and  1-digit 
coefficients.  The  1-digit  coefficients  may  be  conveniently  dismissed  as 
insignificant.  Each  2-diglt  coefficient  without  exception  has  an  obvious 
realistic  interpretation. 

♦The  writer  wishes  to  expi'ess  his  appreciation  to  Dr.  Hubert  Brogden  and  to 
Miss  Bertha  Harper  for  the  opportunity  to  use  the  natrix  rotator  and  for 
their  helpful  guidance  in  its  operation. 


Table  5 


Rotated  Factor  Coefficients 
(decimal  points  and  initial  zeros  onc.tted) 


V 

S 

M 

N 

P 

V 

8 

G 

K 

X 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

1. 

Word  Fluency  (R) 

25 

8 

-5 

6 

7 

7 

0 

9 

11 

-5 

2, 

Verual  (a) 

75 

2 

5 

2 

5 

-9 

0 

6 

-6 

12 

5. 

Vocabulary  (l) 

67 

1 

2 

-5 

5 

5 

6 

2 

2 

-8 

k. 

" L) 

65 

k 

e 

y 

-9 

7 

8 

-4 

4 

15 

-6 

5. 

” (M) 

77 

2 

-7 

9 

-5 

2 

-5 

5 

-9 

10 

6. 

" (s) 

65 

2 

-5 

2 

27 

-5 

0 

-1 

1 

7. 

" (s) 

72 

-1 

-1 

-4 

2 

50 

1 

0 

2 

-7' 

8. 

67 

-5 

0 

-1 

-5 

59 

-5 

.0 

-2 

2 

9. 

56 

1 

-5 

7 

4 

28 

5 

c 

0 

1 

10. 

Spatial  Relations  (a) 

k 

45 

5 

6 

2 

-6 

1 

-5 

-5 

20 

11. 

Intersections  (l) 

-2 

65 

5 

-5 

4 

-2 

5 

2 

6 

-11 

12. 

" a) 

-2 

71 

-4 

5 

-4 

0 

-4 

-1 

2 

5 

15. 

-2 

67 

5 

-0 

-7 

7 

-1 

-2 

-0 

2 

ih. 

-1 

67 

0 

0 

-2 

2 

20 

-1 

2 

-1 

15. 

" (S) 

-2 

69 

-1 

-2 

-1 

-5 

50 

-2 

1 

1 

l6. 

" (S) 

-ij 

68 

0 

4 

-5 

1 

25 

-5 

0 

2 

IT. 

" (LIA) 

5 

29 

-2 

-4 

5 

-2 

49 

2 

-5 

18. 

Mathematics  (A) 

2 

-4 

50 

6 

9 

-9 

-2 

-2 

-9 

0 

19. 

Arltlimetic  Reasoning 

(L] 

-2 

-1 

50 

-9 

9 

-5 

8 

7 

8 

-8 

20. 

It  It 

(l) 

-k 

4 

45 

4 

-4 

4 

-7 

6 

•X 

-IT 

21. 

11  M 

-1 

0 

51 

1 

7 

0 

-1 

-6 

7 

-3 

22. 

II  If 

It  11 

(s! 

/r.  ' 

1 

2 

r\ 

40 

17 

-9 

9 

n 

5 

1 a 

-8 

rN 

-5 

r» 

5 

2U, 

It  M 

6 

SJ 

-1 

*tO 

58 

SJ 

16 

-4 

L. 

5 

7 

s/ 

.4 

-1 

4 

25. 

■ 1 It 

(LIA) 

8 

1 

16 

8 

5 

2 

20 

4 

-5 

3 

26. 

Number  Speed  (R) 

5 

1 

-5 

40 

2 

-1 

6 

4 

1 

-1 

27. 

" '*  (R) 

-5 

2 

5 

48 

-4 

2 

-5 

-4 

0 

0 

28. 

Cancellation  fR) 

h 

9 

2 

0 

27 

10 

-5 

2 

5 

-5 

29. 

Picture  Discrimination  (r) 

8 

25 

1 

-5 

55 

2 

4 

-5 

-4 

10 

50. 

Number  Checking  (r) 

-7 

-1 

5 

2 

56 

0 

1 

6 

6 

-8 

51. 

English  (g) 

-5 

2 

1 

6 

2 

-8 

56 

55 

1 

52. 

Foreign  Language  (G) 

20 

2 

-1 

9 

-5 

-5 

5 

51 

24 

0 

55. 

Eng*g.  Draw.  8s  Des . Gcoe 

1.  (G) 

6 

56 

8 

-8 

5 

4 

-6 

58 

-4 

23 

Chemistry  (G) 

6 

1 

26 

-8 

-1 

0 

2 

67 

2 

-2 

55. 

Mathematics  (g) 

-5 

2 

28 

-1 

-4 

2 

0 

66 

-7 

-12 

56. 

Conduct  (G) 

-8 

-7 

6 

2 

-5 

-1 

-2 

15 

8 

21 

57. 

Vocabulaiy  (NR) 

70 

-1 

-5 

0- 

5 

28 

u 

1 

2 

1 

53. 

Intersections  (IIR) 

-1 

67 

-2 

-1 

0 

-2 

52 

-2 

1 

0 

59. 

ArithmcLlc  Reasoning 

(I®) 

2 

2 

42 

2 

8 

0 

16 

2 

-1 

1 

TABLE  6 


Transformation  Matrix 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

TV 

\r 

I 

kl3 

52li 

192 

020 

009 

109 

053 

181 

Oil 

007 

II 

647 

-561 

-047 

008 

030 

l4i 

-119 

-056 

015 

003 

III 

-389 

-448 

552 

129 

038 

-060 

-078 

497 

000 

-0S6 

IV 

-508 

-056 

537 

295 

055 

-051 

082 

-784 

-082 

002 

V 

132 

362 

-510 

161 

167 

294 

091 

-192 

005 

034 

VI 

273 

408 

-4i6 

525 

112 

-684 

050 

051 

172 

-020 

VII 

007 

002 

-029 

056 

-550 

059 

532 

090 

-392 

-432 

VIII 

-049 

-189 

557 

-497 

650 

-545 

-112 

026 

-540 

089 

IX 

261 

-042 

-536 

474 

-40^ 

-Oc;q 

081 

183 

^.520 

888 

X 

013 

207 

-223 

346 

-h93 

468 

-811 

-145 

-497 

-092 

I 

I 


Table  T 

Correlations  between  Priaary  Vectors 


V 

n 

M 

N 

P 

V 

8 

G 

H 

X 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

V 

T 

1.00 

.Ik 

.kk 

.00 

ri 

1 

r»Q 

— . 

rvc 
- .\jj 

T T 
— .XU. 

.05 

-,15 

S 

11 

>lk 

l.CO 

•kg 

-.08 

CO 

0 

.05 

-.02 

.17 

-.01 

.20 

M 

III 

,kk 

• kg 

1.00 

.29 

-.Oil 

.13 

.03 

.13 

.09 

•19 

• 

K 

IV 

.00 

-.08 

.29 

1.00 

.71 

.56 

.28 

.1|0 

-.18 

-.09 

i 

P 

V 

“ .11 

-.08 

-.oil 

.71 

1.00 

.66 

.23 

.1|0 

-.31 

.01 

* 

V 

VI 

-.08 

.05 

.13 

.56 

.66 

1.00 

.llll 

.1|2 

-.14 

.27 

1 

1 

8 

VII 

-.05 

-.02 

.05 

.28 

.28 

.kk 

1.00 

.12 

-.22 

.12 

1 

fi 

vlii 

- .11 

.17 

.15 

1./^ 

I. 

.12 

1.00 

- .12 

.01 

H 

IX 

.03 

-.01 

.09 

-.18 

-.31 

-.Ik 

-.22 

-.12 

1.00 

.27 

X 

X 

-.13 

.20 

.19 

-.09 

.01 

.27 

.12 

.01 

.27 

1.00 

In  most  factor  analyees  It  Is  customary  to  Ignore  coefflcientj  lees 

• 

than  .30  or  .20,  say,  as  not  reliably  different  from  zero.  Standard  errors 
for  individual  factor  coefficients  have  not  been  computed  for  the  present 
study.  However,  with  congelations  based  on  6^9  cases,  as  in  the  present 
study,  the  standai'd  error  of  a correlation  coefficient  is  about  .Ot  for 
correlations  in  the  neighborhood  of  zero  and  about  .01  for  correlations  in 
the  neighborhood  of  .QC.  In  view  of  these  standard  errors,  it  is  to  be 
expected  that  factor  coefficients  will  have  some  laeanlng  even  in  the  low 
range  from  .10  to  .20.  This  will  be  seen  to  be  actually  the  c^se. 

Interpretation  of  Factors 

The  first  three  factors  of  Table  5 correspond  to  the  three  aptitude 
areas  about  which  the  present  study  is  centered.  These  three  factors  may 
bo  considered  to  be  ’’level"  factors,  in  contrast  to  the  next  four,  all  of 
which  are  speed  factors.  The  eighth  and  to  a large  extent  the  ninth  are 
factors  determined  by  academic  grades.  The  tenth  and  last  factor  seems  to 
have  no  simple  Interpretation.  All  these  factors  wl31  now  be  discussed  in 
moi'e  detail. 

Factor  I (v)  is  the  verbal  factor.  In  addition  to  the  experimental 
vocabulary  tests,  the  following  variables  have  two-digit  coefficients  for 


this  factor,  as  would  be  expected: 

2.  Verbal  Test  (A)  ...  .75 

31.  English  Grade .34 

1.  Word  Fluency  (E)  . . * 25 


32.  Foreign  Langiiage  Grade 


,20 
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Factor  II  (S)  la  a apace  factor*  In  addition  to  the  experimental  Inter- 
aectiona  teata,  the  following  varlablea  have  two-digit  coefflclenta  for  thla 


factor,  aa  would  be  expected? 

10.  Spatial  Helatlona  (A) ^3 

33.  l.^lneerlng  Drawing  and 

Deaerlptlve  Geometry  Grades .36 

29«  Picture  Dlacrlmlnatlon  (P) .23 


The  picture  dlacrlmlnatlon  teat  la  a reference  teat  for  the  perceptual  speed 
factor,  but  .the  teat  obvioualy  requlrea  also  the  ability  to  perceive  and 
dlacrlmlnate  spatial  pattema. 

Factor  III  (M)  la  a mathematical -reaaonlng  factor.  In  addition  to  the 
experimental  arithmetic -reaaonlng  testa,  the  following  varlablea  have  two- 
digit  coefflclenta  for  thla  factor,  aa  would  be  expected: 


18.  Mathematics  (A) .30 

33.  Mathematica  grade  ....  .28 

3U.  Chemistry  grade .26 


Factor  IV  (N)  la  the  number-apeed  factor,  determined  by  the  two  reference 
teste  included  for  this  purpose.  The  only  other  variables  with  two-digit 
coefficients  for  this  factor  are  two  of  the  speeded  arithmetic -reasoning 
tests,  which  obviously  require  some  speed  in  numerical  operations: 


22.  Arithmetic -reaaonlng  (speeded) .17 

24.  Arithmetic -reaaonlng  (speeded) .I6 


Factor  V (P)  Is  the  perceptual -speed  factor  determined  by  the  three 
reference  tests  included  for  this  purpose.  No  ther  variables  have  two- 
digit  coefficients  for  this  factor. 
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Factor  VI  (v)  le  clearly  the  verhal^epeed  factor  that  the  present 
analysis  vas  designed  to  Isolate  (if  It  actually  existed)  and  to  study.  AH 
the  two-digit  coefficients  for  this  fewjtor  are  listed  below; 


8.  Vocabulary  (speeded) .39 

7*  Vocabulary  (speeded) *30 

9*  Vocabulary  (last  Item  atten^ted) .28 

37.  Vocabulary  (speeded;  nuaiber-right  score) .28 

6.  Vocabulary  (speeded) .27 

28.  Cemcellatlon  (B) .10 


The  cancellation  test  Is  a reference  test  for  the  perceptual -speed  factor. 
The  coefficient  of  .10  for  this  test  on  the  verbal-speed  factor  is  not  large 
enough  to  be  of  great  interest;  a positive  coefficient  might  be  expected, 
however,  in  vliiw  of  the  fact  that  this  test  requires  rapid  work  with  alpha- 
betical and  verbal  symbols. 

Factor  VII  (s)  Is  clearly  the  spatial- I'peed  factor  that  the  present 
st'ody  vas  designed  to  Isolate  (If  It  actually  existed)  and  to  study.  All 


the  two-digit  coefficients  for  this  factor  are  listed  below; 

17.  Intersections  (last  Item  attempted) .^9 

36.  Intersections  (speeded;  number-right  score)  .32 

13.  Intersections  (speeded) .30 

lo.  Intersections  (speeded) .23 

lh»  Intersections  (speeded)  *•*....  .2C 

23.  Arithmetic  Beasonlng  (laut  Item  attesq>tel)  . • . * • .20 

39«  Arithmetic  Peasonlng  (speeded;  nuaber-rlght  score)  . .16 

23.  Arithmetic  Peasonlng  (speeded) . . . • .13 
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The  fact  that  all  cf  the  speed  scores  on  the  arithmetic -reasoning  tests  have 
small  positive  loadlzigs  on  the  spatial-speed  factor  Is  consistent  with  the 
fact  that  the  arithmetic -reasoning  tests  contain  a considerable  proportion 
of  single  geometry  and  other  Items  that  involve  diagrams  and  other  graphic 
llX^istratlons^  these  being  printed  in  the  test  bochlets  alongside  the  Items. 

Factor  VIII  (O)  la  an  academic -grade a factor.  No  variables  other  than 
the  sijc  academic  grades  have  tvo-dlglt  coefficients  for  this  factor. 

Factor  'Di  (H)  appears  to  be  some  sort  of  verbal-academic -grade  factor, 
as  indicated  by  its  tvo-dlglt  coefficients,  vhlch  are  as  follovs: 


31*  English  Qrade .33 

32.  Foreign  Language  Grade ,2k 

4.  Vocabulary  (level) ,13 

1.  Word  Fluency  (R) ,11 


Factor  X (X)  does  not  suggest  any  ready  interpretation.  IVTo-digit 


coefficients  for  this  bipolar  feustor  are 
33*  Engineering  Braving  and 

Descriptive  Geometry  grade  23 

36.  Conduct  grades 21 

10.  Spatial  Relations  (A)  20 

20.  Arithmetic  Reasoning  (level)  -.17 

2.  Verbal  (A) -,12 

35.  Mathematics  grade  ...........  -.12 

11.  Intersections  (level)  -.11 

3.  Vocabulary  (M) , ,10 

29-  Picture  Discrimination  (R)  . . . . ^ .10 
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The  Correiatlona  AaonK  Factors 

The  correlations  aaong  the  primary  vectors  In  Table  7 are  of  paramount 
interest.  First,  it  should  be  pointed  out  that  the  reference  axis  for  the 
verbal  factor  was  arbitrarily  set  approximately  orthogonal  to  the  reference 
ajcls  for  the  verbal-speed  factor.  The  reason  for  doing  this  was  that  It 
was  felt  that  Interpretation  would  be  hindered  by  a choice  of  reference 
axes  that  would  give  the  speeded  verbal  tests  zero  loadings  on  the  verbal 
factor.  For  the  same  reason,  the  spatial -factor  axis  was  set  roughly 
orthogonal  to  the  spatial-speed  axis.  In  each  of  these  cases,  the  correla- 
tions between  the  speeded  tests  and  the  corresponding  level  factor  are 
therefore  represented  approximately  by  the  factor  coefficients  of  the 
speeded  tests  for  the  level  factor,  and  not  by  the  corresponding  near-zero 
correlation  In  Table  7. 

The  verbal-factor  axis  and  the  academic-grades  axis  were  both  set 
approximately  orthogonal  to  the  axis  for  the  ninth  factor.  This  was  done 
because  the  considerable  indeterminacy  as  to  the  proper  position  of  the 
primary  vector  for  the  ninth  factor  required  some  arbitrary  decision  to  be 
made. 

The  mathematical -reasoning  factor  shows  correlations  of  .Uif  and  .49 
with  the  verbal  and  spatial  factors,  respectively.  These  correlations  are 
quite  reasonable  In  view  of  the  fact  that  the  arithmetic -reasoning  tests 
Include  verbally  presented  problems,  geometry  problems,  and  other  graph- 
ically presented  problems. 

The  only  other  correlations  as  large  as  these  In  Table  7 are  between 
various  speed  factors  In  fact,  the  striking  thing  about  Table  7 Is  the 
consistently  positive  Interccrrelations  of  the  four  apeed  factors  that  have 


been  Isolated.  In  general,  these  correlate  ouch  more  highly  vlth  each  other 
than  they  do  vlth  the  three  "level”  factors.  This  result  clearly  denonstrates 
the  existence  of  a second-order  genereO.  speed  factor. 

The  Belfttlon  of  Grades  to  Speed. 

The  acadenlc -grade  factor  Is  seen  from  Table  7 to  be  positively  corre- 
lated vlth  all  four  of  the  speed  factors.  The  ninth  factor,  however,  which 
is  determined  aalnly  by  grE^es  In  English  and  In  Foreign  Language,  has  nega- 
tive correlations  with  each  of  the  foxir  speed  tests,  and  also,  Incidentally, 
with  the  academic -grade  factor  Itself.  In  order  to  interpret  the  relation 
of  course  grades  to  the  varloiis  speed  factors  vlth  any  degree  of  clarity. 

It  Is  necessary  to  obtain  the  actual  correlations  of  each  of  the  grades  vlth 
the  prlttEuy  vectors  for  each  of  the  speed  factors.  The  correlations  of  the 
course  grades  with  all  ten  of  the  primary  vectors  is  given  In  T€a>le  6. 

With  one  minor  exception,  each  of  the  course  grades  Is  positively  corre- 
lated with  each  of  the  four  speed  factors.  Although  these  relationships  ore 
not  high,  there  seems  to  be  conclusive  evidence  of  some  positive  relation 
between  grades  at  Annapolis  and  speed. 

Discussion 

No  8i>eed  factor  for  the  arithmetic-reasoning  tests  could  be  Isolated, 
although  the  attempt  was  persistently  made.  An  examination  of  the  factor 
loadings  Indicates  certain  small  systematic  differences  between  the  speeded 
and  the  unspeeded  arithmetic -reasoning  tests.  The  speeded  tests  tend  to 
Involve  the  number-speed  factor,  the  verbal-speed  factor,  and  the  spatial- 
speed  factor  to  a slightly  greater  extent  than  do  the  unspeedod  tests,  as 


Table  8 

Correlations  between  Course  Grades  and  Primary  Vectors 
(decimal  points  omli^ted) 


V 

S 

M 

N 

P 

V 

s 

G 

H 

X 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

31. 

English  (G) 

6l 

12 

39 

20 

10 

15 

-10 

56 

55 

04 

32. 

Foreign  Language  (g) 

18 

13 

24 

26 

12 

17 

04 

54 

20 

02 

33. 

Eng'g.  Draw.  Sc  Des.  Gecnt.  i 

(c)  09 

68 

46 

09 

15 

30 

02 

54 

00 

4l 

Chemistry  (G) 

17 

36 

51 

28 

l6 

28 

07 

76 

-02 

08 

35. 

Mathematics  (G) 

08 

53 

51 

45 

2? 

35 

11 

84 

-15 

-05 

22- 


night  reasonably  be  expected.  The  picture  is  somewhat  confused  by  the  fact 
that  test  25  behaves  slightly  differently  from  the  parallel  tests  22  and  2k, 
and  teat  19,  from  the  parallel  test  20.  It  may  be  that  an  arithmetic -reasco- 
Ing  f€ictor  exists  in  the  data  but  Is  so  very  xmlmportant  that  It  could  not 
be  separated  from  "noise”  in  the  analysis.  It  would  be  Interesting  to  see 
If  the  extraction  of  an  eleventh  factor  would  have  changed  this  picture. 

The  results  obtained  for  the  last-item-atteapted  scor^-s  are  of  particu- 
lar Interest.  It  will  be  remembered  that  these  scores  were  not  used  to 
determine  the  common-factor  space,  the  reason  being  that  it  was  desired  to 
center  the  present  study  primarily  around  the  usual  types  of  scores  such  as 
are  normally  used  for  aptitude  te^.cs.  In  spite  of  the  fact  that  these  scores 
were  not  xised  to  determine  the  co&non-factor  space.  It  is  nevertheless  found, 
for  both  the  verbal  and  the  spatial  tests,  that  the  last-item-attempted  score 
is  a purer  measure  of  the  corresponding  speed  factor  than  are  the  corrected- 
for-guessing  scores  on  an^  of  the  three  speeded  tests.  This  Is  particularly 
true  for  the  spatial  test,  where  the  last-ltem-attenspted  score  has  a much 
higher  loading  on  the  spatial -speed  factor  than  on  the  space  factor. 

The  conttunallties  of  the  last-itsa-attempted  scores  are  .519  for  verbal, 
.t^06  for  spatial,  and  .297  for  arithmetic  reasoning.  The  conclusion  that 
the  common-factor  space  did  not  Include  a clear-cut  dimension  for  an  arith- 
metic-reasoning speed  factor  is  to  some  extent  substantiated  by  the  very  lew 
conmunallty  of  the  arithmetic -reasoning  last-item-atteo^ted  score. 

It  Is  noteworthy  that  In  all  three  cases  the  moderately  speeded  tests 
(M)  are  like  the  level  tests  and  not  like  the  speeded  tests,  even  thou^ 
only  50  to  75  por  cent  of  the  examinees  responded  to  the  last  item  on  these 
"moderately”  speeded  tests. 

Variables  37,  58,  59  ••  the  number-right  scores  corresponding  to 

variables  7,  1},  ond  23  — have  loadings  so  similar  to  the  "corrected-for- 
guesslng"  scores  on  the  same  tests  as  to  be  virtually  Indistinguishable  from 
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the  latter.  It  may  ^be  noted^  hovever;  that  in  each  case  the  nimber-right 
score  has  a smaller  loading  on  the  level  factor  for  the  ability  tested  than 
does  the  "correctod-ifor-gneeslng"  score. 

It  is  interesting  to  note  that  the  vord-fluency  test  had  very  little 
loading  on  the  verbal-speed  factor;  even  its  loading  on  the  verbal  factor  is 
quite  smell.  This  test  has  a very  low  conmunallty  (.192);  Its  reliability 
is  not  known. 

The  coBBunalitles  of  the  perceptual-speed  tests  are  lower  than  those  of 
most  of  the  other  tests.  This  is  reflected  in  the  fast  that  the  factor 
coefficients  that  determine  the  perceptual -speed  factor  are  rather  small 
(.27  to  .5^).  The  factor  is  nevertheless  very  clearly  determined  because 
all  other  coefficients  for  the  factor  are  less  than  .10. 

CnSL variable  with  extremely  low  coBoaunallty  (.127)  is  the  grade  for  con- 
duct. This  variable  cannot  be  predicted  effectively  by  any  of  the  tests  in 
tho  battery.  The  remaining  academic  grades,  with  the  exception  of  English, 
all  have  higher  loadings  on  the  academic -grade  factor  than  they  do  on  any 
of  the  aptitude  tests.  T1  Is  situation  clearly  shows  that  the  course  grades 
have  a very  sltable  reliable,  and  therefcre  theoretically  predictable,  vari- 
ance over  and  above  that  actually  predicted  by  the  aptitude  tests.  Whether 
this  variance  is  attributable  to  personality  factors  or  to  other  causes 
cannot  be  determined  from  the  present  study. 

Sunnary  and  Conclusions 

The  pi*esent  study  was  designed  to  investigate  the  existence  and  inter- 
relations of  various  speed  factors,  and  their  relation  to  academic  co^l^se 
grades . 
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Speeded  and  unspeeded,  but  otherwise  parallel,  tests  of  vocabulaiy, 
spatial  ability,  and  arithmetic  reasoning  were  administered  to  6^9  entering 
students  at  the  U.  3.  Naval  Academy  at  Annapolis,  Also  included  in  the 
factorial  analysis  were  scores  on  certain  regular  admlselone  examinations, 
scores  on  certain  specially  prepared  reference  teste,  and  end -of -year  cotirse 
grades  at  Annapolis. 

Extraction  of  factors  from  the  ^J^^arlable  correlation  matrix  was 
carried  out  by  Lavley’s  maximum-likelihood  method,  the  calculations  being 
done  on  the  Whirlwind,  a high-speed  electronic  computer.  Factoring  was 
continued  until,  after  the  extraction  of  the  tenth  factor,  a significance 
test  on  the  matrix  of  residuals  showed  them  to  be  no  longer  statistically 
significant - 

Botatlon  to  psychologically  meaningful  oblique  axes  was  carried  out  with 
the  help  of  the  matrix  rotator  at  The  Adjutant  General *«  Office.  The  tenth 
rotated  factor  was  found  to  be  difficult  or  impossible  to  Interpret,  With 
this  exception,  the  structure  of  the  factor  matrix  was  found  to  be  so  clear 
that  a ready  interpretation  existed  for  every  factor  coefficient  above  .10, 

As  would  be  expected,  three  of  the  factors  obtained  were  verbal, 
spatial,  and  mathematical -reasoning  factors.  The  reference  tests  included 
in  the  battery,  again  as  expected,  yielded  the  usual  number-Bi)eed  factor 
(ordinarily  called  simply  the  number  factor)  and  the  usual  perceptual-speed 
factor.  The  academic  grades  in  the  battery  were  found  to  define  not  only  a 
general  -cademl'^ -grade  factor  but  also  what  appeared  to  be  a verbal-academic- 
grade  factor.  Finally,  a verbal-speed  factor  and  a spatial-speed  factor 
were  clearly  identified  and  distinguished  from  the  number-speed  and  the 
perceptual -speed  factors.  No  arithmetic-reasoning  speed  factor  was  isolated. 
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The  primary  vectors  for  all  four  speed  factors  vere  found  to  he  positively 
intercprrelated  with  each  uther  to  such  an  extent  as  to  demonstrate  clearly 
the  existence  of  a general  speed  factor  at  the  second -order  level. 

All  correlations  between  course  grades  and  the  four  speed  factors, 
with  one  small  exception,  vere  found  to  be  positive,  although  not  large. 

It  is  to  be  concluded  that  speed  of  various  kinds  plays  some  part  in  the 
course  grades  at  Annapolis,  and  that  speededness  in  the  admissions  examina- 
tions is  to  this  extent  Justified.  The  exact  degree  of  speededness  that 
will  result  in  the  highest  validity  for  the  admissions  examinations  can  only 
be  determined  by  an  experimental  study  of  the  admissions  examinations  them- 
selves. It  would  seem,  however,  that  tests  that  ara  "moderately”  speeded,, 
so  that  only  5O  to  75  cent  of  the  examinees  respond  to  the  last  item, 
do  not  involve  the  speed  factors  needed.  Appai'cntly,  only  very  highly 
speeded  tests  involve  these  factors  to  a useful  extent. 
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